Background There is growing attention towards increasing patient and service user engagement (PSUE) in biomedical and health services research. Existing variations in language and design inhibit reporting and indexing, which are crucial to comparative effectiveness in determining best practices.
ment and feedback, (ii) sources describe PSUE at several research stages, within three larger phases: preparatory, execution and translational.
Discussion and Conclusions Efforts at developing a solid evidence base on PSUE are limited by the non-standard and non-empirical nature of much of the literature. Our proposed two-part framework provides a standard structure and language for reporting and indexing to support comparative effectiveness and optimize PSUE.
There is a large and growing impetus among patients, politicians, clinicians and researchers towards increasing the engagement of patients and other layperson/non-professional service users in health-and health-care-related research. [1] [2] [3] [4] [5] [6] Attempts to expand this engagement of lay (i.e. non-clinician/non-professional researcher) users of health services have emphasized patients and caregivers, 5,7-11 but also broader categorizations and terms such as consumers/users of health-care services, community members or public/citizens. 1, 10, [12] [13] [14] [15] Given the range of these terms, we will use patient and service user engagement (PSUE) in research to emphasize patients while referring to these endeavours broadly. Increasing PSUE generally follows two aims: a moral/ethical drive to empower lay participants in an otherwise expert-dominated endeavour and ensure civically responsible research 5, 16, 17 ; and 'consequentialist' reasoning for optimizing the validity, design, applicability or dissemination of the research itself and the effectiveness of resulting interventions. [18] [19] [20] [21] However, the promise of PSUE to ensure equitability and robust findings remains unrealized. Despite policy and funding directives (e.g. INVOLVE in the UK 22, 23 ; PCORI in the US), and some evidence that PSUE can improve research, 12, 19, [24] [25] [26] [27] [28] [29] challenges persist. In particular, there remains some doubt as to whether current approaches represent merely 'tokenistic' efforts 30 or truly incorporate patient and service user contributions. Moreover, some groups are less likely than others to have their voices included. 31 In addition, there is limited evidence on PSUE's tangible benefits. 26, 29, 31 This is exacerbated by an absence of standard approaches to conducting and reporting PSUE 32, 33 -when it is reported at all 34 -which limits the potential for indexing, knowledge synthesis or comparative effectiveness for determining best practices. In sum, the reasoning for PSUE is compelling and multifaceted, but the extent to which existing approaches actually ensure inclusion, and whether there are consistent benefits in doing so, remains unclear because of a lack of standard framework or language. Utilizing a systematic review, environmental scan and manual search of peer-reviewed literature and other sources regarding PSUE in biomedical and health services research, this paper synthesizes a standardized, evidence-based framework for understanding, reporting and assessing PSUE to jump-start a reliable and comparative evidence base. An important percentage of previous work on this topic has consisted of individual studies (usually at single sites and with limited resources) or commentaries. Few studies (incorporated and reviewed here as well) have been performed with necessary rigour or an eye towards systematically assessing and organizing existing evidence into a broadly applicable framework. Doing so is vital to assessing PSUE in existing research and building towards an evidence-based understanding of best practices.
Methods
Methods consisted of a systematic review, environmental scan and manual search of peerreviewed literature and other sources, supplemented with input from a patient advisory group (PAG). The study received Institutional Review Board clearance.
Electronic database search

Eligibility criteria
We included studies of any design, size and patient age or morbidity status, published in English, in which patients, surrogates, caregivers or other service user stakeholders participated in planning or conducting biomedical and health services research (including input on research/funding agendas, outcomes or design, and active engagement in research activities). We also included non-original or summarized literature (systematic or non-systematic literature reviews, commentaries, etc.).
Search strategy
An expert reference librarian (PJE) and systematic review methodologist (MHM) collaborated to develop the search strategy. Medical subject heading (MESH) terms and text words were selected based on common indexing practices. Search terms were compiled and tested repeatedly to produce sensitive searches and capture potentially relevant publications. Our search covered biomedical databases and other sources: PubMed/Ovid MEDLINE, Ovid EM-BASE; Ovid PsycInfo, Ovid Cochrane (especially Sys Rev, Methods, HTA), EBSCO CINAHL; SCOPUS (to capture potentially relevant sources in the social sciences); Web of Science (multidisciplinary scientific content); and Business Search Premier, Academic Search Premier and Google Scholar. We also reviewed reference lists from eligible studies, conducted additional MEDLINE searches using the PubMed-'related articles' feature for eligible studies and employed SciSearch for publications that cited eligible studies.
Environmental scan and manual search
The goal of the environmental scan was to identify relevant information in sources not published in the biomedical bibliographic databases. We were interested in the actors and stakeholders involved, key events, documentation (white papers, position papers, proceedings) and trends (descriptions of upcoming and on-going activities). We used search engines Scirus and Sciverse, which contain scientific journal content, scientists' homepages, courseware, preprint server material, patents and institutional repository and Website information, along with Google and Bing. The manual search covered Websites recommended by topic experts including the project team, external advisors and the PCORI methodology working group. We extracted data from relevant links including title, source, author, URL, content description and main conclusions.
Study selection
We collated initial references in citation files using Endnote software, removed duplicates and screened titles and abstracts against eligibility criteria using DistillerSR software. Team members reviewed studies in duplicate until adequate agreement (Kappa > 0.80) was achieved. Disagreements during initial screening were automatically included. Potentially eligible studies then received full text review following a similar procedure. Disagreements in full text screening were reconciled by discussion, consensus or arbitration by third reviewer. We exclusively used electronic file formats (Portable Document Format/PDF) to reduce costs and paper use.
Data extraction
Data extraction from included studies followed a standardized form developed from the protocol, created in DistillerSR and tested on a small sample (n = 10) of included studies to ensure sufficient quality and performance. Data extracted included study description (e.g. participant demographics, research setting), methods for patient/service user selection or initiation into research and for obtaining their input or contributions, and frameworks or conceptualizations used for the approach. asked for feedback on terminology, usefulness and applicability (located at the end of the Results). Notably, among the terms for PSUE participants (consumers, representatives, etc.), they felt that 'patient' or 'informant' was most useful, but found most terms generally confusing. For clarity and inclusivity -and to avoid confusion with 'participants' in more conventional researcher-driven models (e.g. participants as data points in a study) while also avoiding non-relevant connotations of 'informant' -we will simply use patient and service user representatives (PSURs) to refer to layperson patients, service users or their surrogates who are engaged in the research process itself.
Analysis
Due to our study objectives and heterogeneity of sources, we did not conduct a quantitative meta-analysis. Rather, we followed a metanarrative approach. 11 The present analysis focused on assessing sources, which included frameworks or conceptualizations of PSUE processes, or which described specific stages of PSUE, and then synthesizing a systematically inclusive framework.
Results
Search and selection results: framework for PSUE
Our search identified 5560 possibly relevant citations, of which 202 met eligibility criteria (study selection is described in Fig. 1 ); see full bibliography in Data S1. Of these 202 sources, 41 described some framework, conceptualization or planning scheme for the parts of the PSUE process. Of these 41 sources, most were Exclusion Criteria:
• Did not evaluate how to incorporate patients' voice into research.
• Information was not extractable.
• Duplicates.
• Non English publication. not accompanied by original evidence, but rather largely consisted of non-systematic literature reviews, commentaries, etc. Instead, the 161 other eligible sources provided a great deal of detail (including research examples). We synthesized the frameworks and supporting sources into a two-part framework, outlined here as an organizing structure, comprised of (i) the integral components of PSUE, and (ii) the phases and stages of PSUE in research.
Components of PSUE
Two reviewers coded the components of PSUE described in studies into discrete categories and recorded their inter-relations. We found four essential components: patient and service user initiation, building reciprocal relationships, colearning and re-assessment and feedback ( Fig. 2) . Functionally, these components were described as having a circular, bidirectional relationship, comprising consecutive feedback loops in researcher-PSUR collaboration. We were unable to identify one particular component as being the most important, but this proposed framework describes a process in which changes or decisions related to each component may inform and influence the others. Thus, ideally, work on these components might be performed continually throughout projects until saturation -that is, when no additional information is being shared and when both parties agree to move forward -although finite time and resources will likely place limits on groups' abilities to do this. Some studies employed only described one component; others incorporated several. We describe the components below.
Component 1. Patient and service user initiation
Ten sources included information on patient and service user initiation, meaning the entry of lay patients and service users into the research process -whether through researchers' engagement efforts or PSURs' own interests and actions. Three overarching factors are keys to initiation of PSURs' efforts in PSUE processes. First, studies demonstrated the importance of engaging PSURs as early as possible in the process so that they can steer agendas and outcomes and provide a values context, which will improve study design and applicability, ensure a relevant perspective and prevent patients and service users from being relegated to disempowered 'subjects' with no impact. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Second, PSURs should consist of individuals or communities for whom the outcomes are of interest, 46, 47 but must also display at least notable characteristics, particularly participatory behaviour. 45 
Patient and service user initiation
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Re-assessment and feedback Third, there must be potential for PSURs to have an active role -including their ability to engage, agreement on expectations and the possibility for a sense of equality between parties. 48 Presumably, these three factors would be best represented by the many instances in which PSURs initiate and lead research themselves. 17, 49 However, a review on PSUR-controlled research did note several concerns, including inequality in the interactions between PSURs themselves, added stress for PSURs, and the perception that such research will be less valued than conventional researcher-controlled research. 
Building reciprocal relationships
Phases of PSUE in research
Available literature describes PSUE across the research process. Broadly, at any stage of research, PSUE represents a potential spectrum of engagement for PSURs, as organized by existing sources outlining this spectrum, [57] [58] [59] ranging from the most passive role of being a study participant (a data point) to more engaged roles including tighter collaboration with researchers, to ultimately initiating, conducting, 'owning' or 'leading' research themselves (Table 1) . Thirty-seven sources describing frameworks/ conceptualizations of PSUE converged into a synthesized framework (Fig. 3) , comprised of three broad phases of research (preparatory, execution and translational phases), which are, in turn, comprised of specific stages. Five sources were most complete and useful in providing terminology and structure, 53,60-63 and so we drew from these most heavily in the terms and examples provided for Fig. 3 . The preparatory phase includes two stages: This assessment found that current funding decisions are largely based on judgment about scientific merit, rather relevance and importance of outcomes to PSURs.
Phase II: Execution phase Study execution includes PSUR feedback or participation in the development of study design and procedures and execution of the protocol (including subject enrolment, delivering the intervention and data collection and analysis). 2. Stage 2: Recruitment and participation. Forty-three sources described PSUE pertaining to subjects/participant recruitment. In particular, numerous systematic reviews and studies examined individuals' perceptions of, or experiences in, trials to address low trial enrolment and participation among different populations. [73] [74] [75] [76] One systematic review 15 found evidence that a critical reason for low trial enrolment could be confusion and difficulties with the concept of randomization: without an understanding of the structure and aim of a trial, the decision to participate will be extremely difficult to make. 77 Indeed, there is often a lack of distinction between the goals of research and medical care, and so all parties need assistance to ensure that decisions are consistent with participants' values. 78 Additionally, PSUE at this stage may increase the validity of findings, as the different parties must reach consensus on emerging conclusions, acting as checks and balances on one another's biases. 80 In analysis perhaps more than any other stage, PSUE requires sufficient education and training. 37, 44, 80 However, PSURs' abilities should not be undervalued: challenges such as serious mental illness 80 Such accessibility includes language and terminology according to the target population and purpose of the publication -in most scenarios, jargon and non-applied information should be avoided, which can be facilitated by PSUE. 37, 40, 53, 60, [89] [90] [91] Regular updates, through newsletters, mailings or other modes can improve confidence and buy-in for research projects among target populations. 37, 44 In addition, PSUE may help develop creative dissemination methods, which are more efficient and which may not have been considered by researchers. 16, 60, 92 This is important, because adequate dissemination has proven to be helpful for future implementation, and making results known within several strata may facilitate obtaining resources and funding for implementation. 53 2. Stage 2: Implementation. Twenty-eight sources described PSUE in implementation of findings. Several studies advocated involving PSURs throughout implementation 44, 53, 60, 89, 93, 94 and called for adequate PSUR education and support 37, 60, 89 to maintain their interest and enthusiasm. 95, 96 Involvement of authority figures in the community was also helpful for buy-in. 37, 97 However, PSURs may create a force for implementation by themselves, without researcher involvement. 86 PSUE was most helpful in prioritizing the sequence of steps and targeting the methodology of implementation. 40, 88, 98 4. Stage 3: Evaluation. Very few studies (only 5) addressed this step and mostly did not provide sufficient details. Authors of these studies advised that the evaluation process should be constant; waiting until the end of the process will make problem-solving more difficult and resource-intensive. 37, 94 A continuous flow of information from PSURs also demonstrated great value, 91, 92 as did having clear, pre-defined assessment tools. 97 Despite the benefits of constantly evaluating relationships between PSURs and research teams, the extent of PSURs' participation needs to be clarified to avoid conflicts and favour the development of future projects. 53 
Environmental scan
The environmental scan revealed numerous links to relevant Websites, organizations, forums, blogs, videos, associations, workshops, presentations, governmental agencies, abstracts and other unpublished resources spanning both health-care and non-health-care PSUE. Some focused on shared decision making in the clinical context and were less relevant to this review, whereas others discussed participatory action research or community-based participatory research. The most relevant resources can be roughly categorized into three types:
1. Disease-specific social networks (mostly notfor-profit, PSUR-established 93 These provided a rationale for PSUE at every step of research, and their findings are incorporated in the frameworks presented in this report.
Patient advisory group feedback
We presented our findings and recommendations to a PAG, 35 a committee of community member PSURs with a long history of research engagement. Members provided the following feedback:
1. The terms informant/patient/surrogate/consumer/customer/representative were fairly confusing and none seemed satisfactory, although patient or informant seemed most intuitive. Associated explanatory text attached to any terms used was deemed necessary. 2. PAG members understood the purpose of the frameworks presented and valued the need for such frameworks. 3. PAG members equally rated the importance of the four components of the framework (participant selection, building reciprocal provided, colearning and re-assessment and feedback). 4. PAG members rated as most important the overarching recommendation to engage PSURs in all three phases of research, as benefits that would likely outweigh difficulties. 5. In general, PAG members found the extent of possible engagement in research to be surprising. 6. PAG members provided some suggestions for wording, graphics and presentation.
Comparison with other systematic reviews
A systematic review by Oliver et al. regarding PSUR ('consumer') involvement in research and development agenda setting for the UK's National Health Service 109 emphasized processes, outcomes and relevant factors of PSUR participation in identifying and prioritizing research topics (similar to part of the 'preparatory phase' in the present framework). Within this area, they presented a multipart framework, focused on (i) the different consumers involved, (ii) who initiated the research, (iii) the degree of PSUR involvement, (iv) forums for communication, (v) decision-making methods, and (vi) practical issues in implementing PSUE in agenda setting. A second review, from a cancer organization in Australia, focused on 'consumer involvement' specifically in 'cancer control' (meaning research, but also prevention, early detection, treatment and other components). These previous reviews have varyingly examined the levels of PSUR involvement, key components necessary for PSUE and/or one or more of the stages at which it occurs. They have also, varyingly, emphasized mainly one phase (e.g. agenda setting) but not others, 109 emphasized research stages over key components 111 or vice versa 110 ; described conceptions in other papers without synthesizing a broadly applicable framework of their own 17 ; or examined approaches to PSUE alongside its impacts, outcomes or other activities as part of a broader view. 17, 111 Our review attempts to capture and synthesize the components and stages presented across previous reviews (along with other studies) with the goal of presenting a comprehensive framework and language that can be directly applied to future studies in reporting PSUE activities.
Limitations and strengths
The main limitation to this systematic review is the non-comparative, observational and/or non-empirical nature of available literature.
Therefore, our two-part framework of the components and stages of PSUE engagement is built from sometimes disconnected, and insufficiently tested or reported, literatures. Additionally, the lack of specific indexing terms in bibliographic databases means that some studies using PSUE may have been missed, and there is a lack of standardized, explicit reporting for PSUE processes. Therefore, standard reporting guidelines for study designs (e.g. the CONSORT statement for randomized trials) can be enhanced by including a template for reporting use of PSUE and at what phases and stages. To overcome these challenges in indexing and reporting, we attempted an environmental scan to supplement the literature search. Heterogeneity of populations, methods and outcomes constitute further limitations to extrapolation of evidence. Publication and reporting biases have also likely affected the conclusions of this report, and their impact could not be estimated. The strengths of this report include a comprehensive and sensitive search strategy spanning multiple databases and augmented by an environmental scan of unpublished relevant sources and contact with content experts to further capture related studies, Websites and viewpoints. A priori protocols for selecting and appraising evidence were implemented to reduce biased selection of studies. Our review and synthesized framework lay the groundwork for a standardized evidence base using guided indexing procedures and following a synthesized model.
Knowledge gaps and recommendations for research
Based on the proposed model, the following areas of research are needed to develop a complete body of evidence:
1. PSUE in the phase of study execution and specifically in the areas of data collection and analysis is needed. Available literature focuses on earlier (agenda setting and participant enrolment) and some later stages (translation) of research.
2.
Research comparing the different methods of engagement and obtaining PSUR voice is needed, but this will require standard reporting and measurement. 3. Peer-reviewed studies are needed that incorporate and describe PSUE as outlined in our synthesized framework to assess feasibility; it is notable that of the 41 sources which most informed the structure of the synthesized framework, most provided no original evidence to support their framework or conceptualization. 4. Proper indexing of studies on PSUE will facilitate future synthesis of evidence and advancement of methods and outcomes.
Our review reveals a disconnect in the approaches used by existing studies; the need for a standard framework and language is clear. In synthesizing existing work into such a framework, the present paper also provides such a framework with the broad applicability and cohesive underpinnings necessary to integrate existing knowledge and guide future endeavours.
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